Abstract -This paper presents results of a comparison of media coverage of fusion and fission energy technologies in three countries (Germany, Spain and Portugal) and in the English language international print media addressing transnational elite, from 2008 to 2012. The analysis showed that the accident in Fukushima in March 2010 did not have significant impact on media framing of nuclear fusion in the major part of print media under investigation. In fact, fusion is clearly dissociated from traditional nuclear (fission) energy and from nuclear accidents. It tends to be portrayed as a safe, clean and unlimited source of energy, although less credited when confronted with research costs, technological feasibility and the possibility to be achieved in a reasonable period of time. On the contrary, fission is portrayed as a hazardous source of energy, expensive when compared to research costs of renewables, hardly a long-term energy option, susceptible to contribute to the proliferation of nuclear weapons or rogue military use. Fukushima accident was consistently discussed in the context of safety problems of nuclear power plants and in many cases appeared not as an isolated event but rather as a reminder of previous nuclear disasters such as Three Miles Island and Chernobyl.
Introduction
HE accident in Fukushima Daiichi nuclear power plant on March 11 th , 2011, reawakened the public anxiety of nuclear catastrophes, compelling some countries to urgently revise their nuclear power plants security systems. The European Union underlined the importance of this procedures arguing that "the safety of all EU nuclear plants should be reviewed, on the basis of a comprehensive and transparent risk and safety assessment ("stress tests. Also in the USA, India, Russia, South Korea and several other countries, the need to conduct safety tests following the lessons learned from Fukushima scaled to the top of the political agendas, while institutional support to the continuance or even expansion of the nuclear industry remained undisputable.
At the national decision level, the accident in Japan had different repercussion in each EU Member States. In France, the second largest nuclear powerproducing country, the government reaffirmed their support to the nuclear energy, while stating their commitment to conduct the EC stress tests and increase the endorsement of renewable energy sources.
By contrast, the German Federal Government announced their decision to completely phase out of nuclear energy until 2022, as a reaction to the chain of events startedin Fukushima but also as a follow-up to the country's changing energy policy -the "Energiewende" or energy transition. In Spain, after a period of uncertainty, the government approved the extension of licenses to several nuclear facilities including the oldest ones, while in the United Kingdom, Finland, Sweden and Hungary, plans to maintain or even expand nuclear capacity were unshaken by the events in Japan (World Energy Council, 2012: [16] [17] [18] [19] .
As important it is to understand the political consequences of Fukushima, we cannot disregard the general public views about this landmark event in the history of nuclear technology -that represents the risk of modernity beyond comparison: "tremendous (...) potentially catastrophic, feared and serious (certainly fateful)" (Slovic et al 2007, 117) . Indeed, nuclear technology, even when it is used for peaceful ends has been a major source of controversy, and that the general public looks at nuclear technology and nuclear accidents with different lenses from those of politicians and nuclear industry stakeholders.
For what concerns nuclear fusion the main question arising from Fukushima is whether the accident has contributed to shape with different contours the image of this technology, namely in comparison to nuclear fission. SERF studies have shown that unlike fission, nuclear fusion is still unknown by the general public: as shown in a Eurobarometer survey, 58% of European citizens have heard about nuclear fusion in the context of energy production, but only 9% have heard about ITER -the largest experimental T programme on nuclear fusion -which indicates that the knowledge about this technology is to a great extent very imprecise". (Eurobarometer, 2007) . Much of the media attention given to it is driven either by scientific breakthroughs and technological developments (Borrelli, 2004) or by general expectations created around issues such as applications to host fusion research facilities on national territories, as it happened in the town of Vandellós, in Spain, at the time of the siting of the ITER research device (Prades et al., 2007) . More importantly, these studies revealed that the general public frequently confuses fusion with fission and that this relationship has a negative impact on social acceptability of fusion energy (Schmidt et al., 2013b ). The nuclear accident in Fukushima, which happened in a fission based nuclear power plant, reinforced the importance of this misleading association with regard to the prospects of improving public communication on fusion, as negative associations and imagery related to conventional nuclear energy (fission) may contribute to stigmatize fusion technology (HorlickJones et al., 2010).
The main hypothesis of our research is that the accident in Fukushima impacted negatively in the public image of conventional nuclear power, while contributing to highlight the debate over fusion technology as an alternative route to nuclear energy production. It was also important to evaluate if representations of fission energy conveyed in the media after Fukushima had a negative effect in shaping the public image of fusion energy. Overall, this analysis provides a contribution to understand the social construction of nuclear power imagery in contemporary societies (Schmidt et al., 2013b ). This paper is based on a research project funded by the European Fusion Development Agreement (EFDA) which consisted in an international comparison of media coverage of fusion and fission energy in three countries (Germany, Spain and Portugal) and in English language newspapers that address transnational elite. The awareness that a successful nuclear fusion programme depends largely on broad social acceptance besides scientific and technological breakthroughs, was the main reason behind the development of a series of studies on the subject of Socio-Economic Research on Fusion (SERF), founded by the Euratom back in 1997 and currently under the coordination of EFDA [1] . One important line of research in SERF studies is the confrontation between fusion and other energy technologies such as traditional nuclear or fission.
I. MEDIA AND PUBLIC UNDERSTANDINGS OF NUCLEAR ENERGY

TECHNOLOGIES
Public acceptance of technologies has been considered a critical condition for its development and diffusion (Devine-Wright, 2007). A common assumption among policy makers and scientists is that informed citizens will be more likely to lend their support to new or controversial technologies. However, this assumption has been challenged by research showing that risk perception is a complex process involving multiple elements, and it is not clear that information leads to acceptance. In fact, public support of energy technologies is influenced by multiple factors, including pre-existing knowledge, attitudes, emotions, values, norms, beliefs, peer's opinions, trust and mass media information (Hobman and Asworth, 2013) . Furthermore, a "new realism about the strengths and limitations of science" (Grove-White, 2005: 23) has emerged, resulting from the recognition of wide uncertainties related to the risks of technological innovation.
Nuclear energy production (fission) is an example of a highly stigmatised technology (Flynn, 2003) that at the beginning of its development was framed as a symbol of technological progress. As shown by Gamson and Modigliani (1989) , until the 1970s there was no anti-nuclear discourse in the mass media, but this positive frame shifted into negative ones after the accidents with nuclear power plants in Three Mile Island and Chernobyl. Together with public antinuclear protests in Western Europe and the development of environmental movements, public responses to nuclear energy became often strongly negative (Flynn et al, 1998 ), focusing on concerns over its risks (related to accidents, terrorism and weapons) and radioactive waste. The prior belief in the dominance of science over nature has been facing tensions and gaps among policy-makers, citizens, scientists and corporations perceptions of technological innovation risks and perils, together [1] EFDA during FP7 -Reinforced coordination of physics and technology in EU laboratories Part 7, retrieved from EFDA: http://www.efda.org/newsletter/efda-during-fp7-%E2%80%93-reinforcedcoordination-of-physics-and-technology-in-eu-laboratories-part-7-2/ with growing distrust of political authorities and scientific expertise (Jasanoff, 2005) . In the struggles for shaping public views of nuclear energy, authorities have often been accused of "secrecy" or dissemination of "biased" information, instead of "objective" information about nuclear risks (Topçu, 2008 ).
Fusion energy, on the contrary, is still at a research and development stage, and thus seems to benefit from a media coverage that, as in the case of other emerging technologies, tend to be positive, emphasizing scientific progress and economic prospects (Nisbet and Lewenstein, 2002) , as publicly promoted by the actors mainly interested in its development.
According to Jasanoff (2005) , based on Goffman's concept of framing (1974), a sense of security towards disruptive events can be created by the construction in the policy arena of cognitive frames, stories told that help making sense of experience. The analysis of media framing can thus be used to understand the construction of public views about matters such as risk perception, social representations and valuations about nuclear energy and nuclear disasters.
II. METHODOLOGY
The scope of our analysis on media coverage includes the number and evolution of articles published, thematic frames, actors and actors' positions, depth of information about each subject, degree of association with nuclear accidents, especially Fukushima, and image construction (perception and representations) both for fusion and fission in 2008-12. The research carried out in Portuguese, Spanish and transnational print media contexts comprised the analysis of articles about fusion and fission energy. For German media analysis, only articles about fusion were considered. With regard to fusion, the analysis encompassed a collection of articles published by nationalbased print media and English language quality newspapers and magazines aimed at the transnational elite (henceforth "transnational print media"), between the first quarter of 2008 and the third quarter of 2012. All types of newspapers and magazines were included in each study case: 20 newspapers or magazines in Germany, 20 in Spain, 15 in Portugal and 8 in the transnational print media. The titles selected for the transnational print media included The Observer, Guardian, The Washington Post, International Herald Tribune and News Statement; Forbes, The Economist and The Wall Street Journal. With regard to fission, the analysis covered a sample of national-based mainstream newspapers and English language quality newspapers, between the first quarter of 2010 and the third quarter of 2012, complying with the one year before/one year after Fukushima timeframe. The articles in Portugal were collected from eight newspapers, in Spain from three newspapers and in the transnational print media, from four main titles. The latter were: The Economist, The Observer, International Herald Tribune and New statesman. The study followed two different methods of analysis. Firstly, the articles were submitted to quantitative analysis which was designed to measure the frequency of issues or topics, messages and events presented in several types of media communications (Macnamara, 2005) . Then a qualitative content analysis was employed for a sub-sample of articles in order to provide an in-depth understanding of the public representations about fusion and fission energies as conveyed by social media. (Schmidt et.al., 2013b: 9-13) .
III. MEDIA COVERAGE AND THEMATIC FRAMING OF FUSION AND FISSION
Media coverage of nuclear fusion ( Figure 1 ) was very irregular and provided a low number of articles throughout the whole period of analysis in all study areas, except in Germany where a considerable amount of news was published in almost every quarter, mainly in the second quarter of 2011, right after the nuclear accident in Fukushima. Fusion is framed firstly as a science and technology topic: text news about research projects and results of fusion science are the core issues of media coverage of fusion energy, a trend that has been stressed by previous studies on public perceptions of nuclear fusion (Borrelli, 2004) . At a second level, fusion is linked to political subjects, mainly in Germany, but clearly dissociated from safety, environmental and climate change related themes (Figure 2 ). 
Germany
Transnational press Portugal Spain Policy related content is the main source of interest in media coverage of nuclear energy (Figure 4 ), followed by safety and environmental themes (more commonly presented in Spanish print media). Science and technology topics, along with economy and energy economy, do have some relevance, especially in the transnational print media, while climate protection issues are almost disregarded, although after the last decade nuclear energy has been promoted as an instrument of mitigation of climate change, both by scientists (Sailor et al 2005) and politicians (Bang 2010) . Most actors state their support to fusion energy, especially in Spanish (65%) and transnational print media (60%). Neutral or ambivalent positions are mainly found in German and Portuguese print media ( Figure 5 ), while actors that oppose fusion are very few. Supporters of both fusion and fission are found in every study area (with a higher proportion of records in Spanish and Portuguese print media); the very few opponents of both technologies are found only in articles published in Germany and in the transnational print media. Records of supporters of fusion but not fission or, otherwise, supporters of fission but not fusion are residual, which indicates that the majority of actors clearly dissociate both technologies (Schmidt et al, 2013b) .
Politicians are the main actors involved in media discourse about nuclear energy in all study areas. (Schmidt et al, 2013b) . Supporters of fission prevail in all study areas, especially in Portugal where they represent almost half of actors that take a specific position over nuclear energy (where there are no nuclear power plants but numerous attempts to implement at least one) ( Figure 6 ). Opponents of fission are found mainly in the Spanish press. In fact, it is only in Spain that we identify polarized positions towards fission and that opponents are dominant in comparison to supporters. Neutral or ambivalent positions can be found in every media context but prevail in the transnational. We may say that the predominant characteristic of actors' attitudes towards fission is signalled by the balance between positive and neutral attitudes in the transnational and Portuguese press contexts, whereas in the Spanish there is a divide between supporting and opposing attitudes, making it more radicalized. Supporters of fusion and fission as well as opponents to both technologies are a minority in print media news about nuclear energy. The same can be stated with respect to supporters of fusion but not fission or, otherwise, supporters of fission but not fusion. This seems to be an important characteristic of media discourse regarding nuclear fission, since it indicates that fusion and fission are in any case strongly dissociated (Schmidt et al, 2013b ). 
The quest for fusion energy -between hope and disbelieve
Positive statements on fusion prevail in all study areas, especially in Portugal (71,7%), Spain (61,8%) and in transnational print media (60,3%) and less in Germany (48,4%), where it is possible to find a considerable yet not predominant number of records (33,6%) that portray nuclear fusion in a negative way.
Qualitative analysis provided a more clear insight on the image construction of fusion energy. In the current stage of research, fusion is presented as a great challenge for scientists but not as much for politicians and stakeholders. Ambiguous insights are are always hard to achieve, pointing as an example the "Cathedral Church of Saint John the Divine", in Manhattan, that "was still under construction after more than a century…" (IHT 2009). Cleanliness and safety are not so much discussed in the International media; however, the ideas that fusion might be an unlimited and abundant energy source, as well as a way to solve the nuclear waste problem, have been diffused. Economic costs of fusion for such a long term result are the main reasons for criticism. These refer to costs associated with the funding of ITER in national media contexts (Germany, Portugal and Spain) or with other fusion large experiment facilities such as NIF (transnational print media), a situation that is aggravated at a time of increasing scarcity of funds for scientific research.
Evaluation of nuclear fission
Nuclear fission is negatively evaluated in more than a half of the cases both in the Portuguese (57,4%) and Spanish print media 53,4%). In the transnational print media negative valuations are attenuated by a slight percentage of positive (30,4%) and neutral statements (22,3%). This negative association is linked to a great variety of features, most of all to safety, cleanliness, costs of research and of power plants as well as possible military use or proliferation risks of nuclear technology. In contrast, fission is positively associated when compared to fossil fuels or whenever some of 48 its main characteristics such as the warranty of supplying great amounts of energy, climate neutrality, energy abundance and, to a lower degree, its cost competitiveness are debated in the articles.
Climate neutrality and warranty of supply are somehow appraised both in Spanish and transnational newspapers, while energy source limits and fission properties in comparison to fossil fuels are the most highly evaluated items in Portuguese titles. Although fission is more positively evaluated when confronted with fossil fuels in all study areas, it is negatively or neutrally evaluated with regard to renewable sources, which means that nuclear energy may be considered a good alternative to fossil fuels (particularly when the subject of discussion is climate change) and conversely, a less acceptable alternative when renewables are also addressed as such.
V. THE 'FUKUSHIMA EFFECT' -MEDIA COVERAGE OF FUSION AND NUCLEAR FISSION WITH RELATION TO FUKUSHIMA
The Fukushima accident overall is not associated with fusion energy. In Spain, the majority of articles that mention Fukushima are news in brief and opinion columns, published by nationwide quality newspapers where fusion is addressed in the context of nuclear energy or fission and evaluated in a positive way. These articles explore energy policy related themes and argue about possible alternatives to fission. In Germany, most of the articles that address the accident are opinion columns published by nationwide quality newspapers, where fusion is addressed in the context of fission and particularly with regard to the country's energy policy. Here again, fusion is positively evaluated especially as an alternative to fission. In Portugal, the accident is mentioned mainly in interviews published by nationwide quality newspapers where fusion is positively addressed in the context of energy scenarios including the future of nuclear technology. As for the transnational print media, Fukushima is primary referred to in reportages published by titles such as The Washington Post and The International Herald Tribune; research projects and results of fusion technology are the main subject of such articles where fusion is addressed with a positive stance, which reinforces the idea that virtually there was no negative impact of the accident on the image of nuclear fusion.
The accident in Fukushima is otherwise paramount in articles about nuclear energy in Spanish, Portuguese and transnational print media, accounting for over than half of the sampled articles in each case study. In Spain and Portugal, these articles are mainly news in brief published by nationwide quality and popular newspapers, where fission is the core subject of discussion. The accident is essentially related to questions such as risk management and safety practices which in the case of Fukushima have failed, placing fission technology under strong criticism as it is frequently addressed in a negative way. In the transnational print media, Fukushima is primarily mentioned in reportages and opinion columns where fission technology is the core subject, the majority of which published by The New York Times, The Economist and The Guardian. These articles address fission technology mainly in a negative way (although there is a considerable number of articles where it is neutrally debated), and focus on the relationship between the accident and the guidelines of present and future energy policies and energy development scenarios of several countries. Figure 9 illustrates the linkage between Fukushima and media coverage of nuclear fission. Nuclear energy was covered to a larger extent after the accident in Fukushima in all study areas; so we can state that the accident had a homogeneous impact in media coverage of nuclear energy (Schmidt et.al., 2013b: 35) . After the accident in Fukushima negative valuations of nuclear energy increased in Portugal and Spain, while positive valuations decreased. Neutral valuations did not change much. In transnational media context both positive and negative evaluations increased, which indicates a polarization of judgments about nuclear energy (Table 1) . Overall, we may say that nuclear energy was already negatively portrayed by the media before the nuclear accident in Fukushima, a fact that became more visible afterwards (Schmidt et.al., 2013b) . Regarding transnational press the proportion of articles with a negative stance increased after the accident, mainly those related to cleanliness and safety. The number of neutral articles increased as well, indicating a general higher interest over these subjects. 
VI. CONCLUSIONS
There was no evidence that the accident in Fukushima had a specific effect on media coverage of fusion energy. The number of published articles with fusion related content evolved independently from public attention given to the accident in Japan. In fact, the analysis indicates that the public discourse on fusion is constructed mainly around research challenges, clamorous events and scientific and technological achievements, rather than energy policy debate, climate protection or future economic compensations of fusion research. However, there are some differences when comparing the various media contexts. We found that German press published more articles than Portuguese, Spanish and transnational print media in the period between one year before and one year after Fukushima, not as a result of the accident itself, but rather as a consequence of a more lively and continuing public debate about fusion in Germany, where the decision to terminate fission propelled the idea of fusion as an alternative, which also became a matter of concern regarding the future of European research financing in this sector (Schmidt et al, 2013b) .
Before the Fukushima accident, the thematic content of the articles in Germany concentrated on research questions and science policy in a mostly positive way. After Fukushima, energy policy evolved as a main thematic subject when talking about fusion, and the valuation of fusion tended towards stronger polarization: the neutral approach declined and extreme valuations grew (Milch and Sieber, 2013) . Generally the most positive aspects underline fusion as a possible energy alternative to fission, and also warranty of supply, safety and cleanliness. The most negative statements concern fusion properties in comparison to renewables, fusion as a long-term option and power plant costs. In the English language articles addressing the transnational elite, the Fukushima accident impact on fusion energy is minor -as can be noted by a slight decrease from a positive to more neutral/balanced/ambivalent valuation (Sojak, Afeltowicz, Stankiewicz, 2013).
The Fukushima accident had otherwise a significant impact on media coverage of nuclear fission. The number of articles published in Portugal, Spain and transnational print media scaled up after the accident (given the fact that Germany was not analysed), but only for a limited period of time (first and second quarters of 2011). From the third quarter of 2011 onwards, previous trends in the amount of news about fission published in all print media contexts were re-established.
The major effect of Fukushima in thematic framing of nuclear energy was a shift in focus from routine issues concerning nuclear energy (such as military use, waste, energy policy, etc.), to accidents and emergencies, security, risk management or environmental risks associated with nuclear disasters. Only a few months after the accident, it ceased to be the keynote of media coverage, opening the way to other sorts of subjects more regularly incorporated in media agendas with respect to nuclear energy (Schmidt et al, 2013b ).
Politicians are the main actors involved in the discourse framing of fission, which conforms to prevailing political based themes presented in the articles. These actors emerge from various segments of the political sphere, such as national and foreign governments, national and foreign political parties or EU organizations. There are some references to scientists (transnational print media), representatives of industry (Spain and transnational), environmental activists (Spain) and officials (Portugal and transnational contexts), but they pl when covering nuclear energy (Schmid Before Fukushima, the public disc by key actors about fission was muc and/or neutral compared to after the its negative accent grew up. In fac mentioned by the media, there w supporters of fission than opponents where opponents always prevail (b Fukushima). Neutral or ambivalent p were also numerous, especially in t media context (Schmidt et al, 2013b ).
However, whereas actors tend to or positive, the image of nuclear fis the media is, in general, more negati deteriorating substantially after accident (Schmidt et al, 2013 transnational press, some months af the discourse underwent a polarizatio different pattern depending on the g of the publications. In the US n magazines (mostly International H nuclear fission tended to be deb problematic way (which does not considered a harmless technology), context of clean and climate neutral t also include renewables. In British ti on nuclear fission is more critical focu political and social support of this te be maintained in the future, taking most dangerous outcomes such accident in Fukushima (Sojak, Afeltow 2013).
The cost/benefit balance for nucle media is negative: safety, cleanliness plants and military use are the assessed dimensions of nuclear advantages are underlined when co properties to fossil fuels, or when fis in the context of climate change m source limits and warranty of supply (the main ones) attributed to fission et al, 2013b).
The "shock wave" that spread a after Fukushima threw some shadows of nuclear technology. Nuclear fusion important alternative to traditional n safe and unlimited -, but too costly (too far-off) for the current urge ay a minor role dt et al, 2013b 
